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Improvements relating to the Measurement of Skid or Slip Resistance of 

Surfaces 



We* The Pennsylvania State Univer- 
sity, of University Park. Pennsylvania, 
United States of America, (Assignee of 
Hartwig W. Kummer), an institution 
5 established by the legislature of the State of 
Pennsylvania, United States of America, 
do hereby declare the invention, for which 
we pray that a patent may be granted to us, 
and the method by which it is to be per- 

10 formed, to be particularly described in and 
by the following statement: — 

This invention relates to apparatus for 
rapidly determining the skid or slip resis- 
tance of a surface under a standard loading 

15 condition. 

Particularly in the field of highway safely 
specifications, it is desirable to measure and 
classify conditions of a road surface with 
respect to the degree of skid resistance which 

20 these surfaces present to the wheels of pass- 
ing vehicles. Similarly, other surfaces such 
as factory floors which require anti-skid 
properties must be measured and classified 
to determine compliance with specifications 

25 or with safety standards. Various weather 
conditions may also make it important that 
a standard measurement be readily avail- 
able for determining safe vehicle speed 
standards or liability for negligent use of 

30 the highway. Similar questions of liability 
may arise in connection with working and 
walking surfaces where a hazard is pre- 
sented. 

Means for measuring skid resistance or 
35 stipperiness of pavements have been known 
heretofore for use in the laboratory and for 
spot checking of isolated spots on a high- 
way or other surface to be examined. A 
second type of skid resistance testing device 
40 is designed for use while travelling along a 
highway at relatively high speed. The 
laboratory-type measuring means, when 
adapted for use outside, involves detailed 
[Price 4s. 6d.] 



close inspection and the use of carefully 
adjusted pendulum measurements, and the 45 
like. The high speed trailer type of highway 
inspection device is generally not suitable 
for use in localized areas such as slippery 
spots associated with intersections and un- 
usual positions of wear. Whenever it is SO 
necessary to make a measurement on a 
slope or a curve or to measure large areas 
where the laboratory measuring means is 
unsuitable and the high speed road inspec- 
tion device cannot be used, a suitable direct- 55 
reading apparatus has not been previously 
available. . nor have methods been known 
for rapidly determining the coefficient fric- 
tion or the skid resistance. 

According to the present invention, appa- 60 
ratus for measuring the skid or slip resis- 
tance of a surface comprising a housing 
supported at one end for movement over 
sand surface, a friction shoe movably 
mounted on the other end of said housing 65 
for frictionaily engaging the surface, means 
for applying a force to the housing in the 
proximity of said surface for moving said 
housing, a hydraulic system including a 
mechanism for resisting movement of the 10 
friction shoe relatively to the housing and 
converting a Motional force applied to said 
shoe into a hydraulic pressure, and a gauge 
hydrauJically connected to said system so as 
to be responsive to said hydraulic pressure 75 
therein. 

A preferred embodiment of the apparatus 
comprises a two-wheeled trolley having sus- 
pended from common rotational axis there- 
of one end of the housing which forms a 80 
load of predetermined magnitude, the other 
end of the housing being carried by the 
shoe which has a surface or edge bearing 
against the surface to be measured in accor- 
dance with a suitable loading factor. Skid 85 
resistance measurement is made by advanc- 
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w the tooDev ta one direction by means 
^ahaSte so mounted that ftewfle? 
axle can^teithe supported end of the load 
Soo^at a position adjacent the surface. 
5 Mollis of the handle ate not Pitted 
to «ert substantial, accelerating or bftmg 
forces on the measuring apparatus. The shoe 
is surfaced with a test material such as reb- 
bW HteXtof tbetreadofatyrefor^ 
10 it is desired to determine me coefficient of 
friction with respect to the surface to he 
Sl By suitable loading and oatibratian, 
afoperator merely walks along pushing die 
^Ss with the shoefe conact wthfte 
15 sGrfaceto be tested. This produces rear- 
15 3 thrust along a longitudinal shaft sbd- 
abbf mounted a housing to be nearly 
wiftour friction- This thrust operates on a 
S flexible diaphragm onnmg one waU 
20 of a hydraulic chamber filled with a hqinO 
2 and communicating with a dial pressure 



Sa T fs invention is further described, by way 
of example with reference to the aceom- 

away., of an apparatus according to tins 

* E&Tis a sectional view taken along me 

30 line 2-2 of Kg. 1: rtf tHft 

" Fin. 3 is a schematic diagram of tne m 
terio? components of a gauge employed in 

^rTfTZ sectional view of the gauge 
35 acceding to Fig. 3 showing the dtampmg 

^i^TS'-relevation of a handle of the 

^BSSta. now to Fig.. 1, apparatus for 
•to meaSgthe skid or slip resistance a 
surface W comprises a housing 1 formed 
SI block of ahimmium having a torn, 
Sal bore 2 therein. A lM^tudina^haft 
3 preferably of hardened steel is borne on 
45 bafl toshings 4 and 4' to suae freely m the 
45 fOTe and aft direction within the bore 2. A 
cSSor 5 is fixed to the shaf t 3at nght 
angles thereto and is accommodated wifltin 
acentral aperture in the housing 1. The 
^0 connector 5 is vertically oriented by a 
second hardened steel shaft 55 by a baU 
bnshing 56 and carries at ite tower enda 
friction shoe-carrying member 6 m Re form 
of a shaft The member 6 « secured to the 
55 connector 5 by a set screw 6 so as to ex- 
tend rearwardly therefrom at a downward 
angle and carries a friction shoe 8 which 
contacts me test surface 60. The shoe 8 is 
positioned relative to the connector 5 by a 
60 recoil spring 7 which urges me shoe along 
60 tto member 6 towards the outer end thereof 
nfa position to contact the surface under 
test tie member 6 is fitted with a pm 10 
and a washer IV to limit movement of the 
65 shoe by the spring 7. 



The shaft 3 is fixed to the connector 5 
by Tset screw 9 and is attached to a hyd- 
raulic piston 11 within an enlarged exten- 
sion of the bore 2 by a set screw 9. The 
S^n 11 has an expo^ end a^ f ormmg 70 
«nft waU of a hydiauhc dumber 14. i. ass 
^ T* Seteoby a h^yflexfttebel. 
lows or rolling type rubber diaphragm 12. 
Tte dtophaS 12 is attached to the piston 
Tl bra rSirg seal 13 connected to the 75 
end of the piston 11. The diaphragm 12 
and the seal 13 thus complete a movable 
wan rftte pressure chamber 14 which has 
hereon a cap 15 secured to tbehousng 1 
by anumber of bolts 16 (one bang shown) »' 
which compress the edge of the diaphragm 
i 3 between the cap 15 and the housing 1. 
The chamber 14 communicates with a pres- 
sure channel 17 bored within the housmgl 
by wSrf a bored ch.nnel 17' At its oppo- 8* 
ate end the channel 17 has a hose 18 con- 
^tedtbereto by a nipple 18' securing the 
b^cto tne^ouLg 1. Flexible tran^arent 
plastics tubing may be employed as tite hose 
18 a plastics material having very tittle v*< 
stretch being preferable to avoMj exce^vg 
resilience in the hydraulic line. The boselS 
feads to a fitting 19 through a constnettpn 
intne fonn of an adjustable needle valve 
20. to a pressure gauge 21. A W* 95 
of instantaneous pressure in the chamber 14 
is obtained, and this liressure van« with 
the longitudinal force on the dmphragm 12 
exerted by the skid resistance of the surface 
uSte^as the shoe 8 is slid forward «» 

The dad resistance measuring apparatus 
advantageously has means for <»inprasatmg 
for temperature changes so tort A may be 
employed under variable conditions of sun, 
wind and rain. This requires thattbe hyd- »» 
ranlic chamber and its connecting hose 
should have a volume adjustment according 
to temperature. It is. furthennore. desirable 
rkt^V compensated hydro^atic pressure 

within the chamber ^? n ^J^ ht A t 
measurement under certain oondiuons. As 
anexample. it may be desirable ttotadnd 
resistance^ a certain range of magnitude 
being repeatedly measured should havea 
fixed maximum value and a cahbrated ra^ 115 
as the gauge 21 responds to increasing pres- 
sure as tite shoe 8 is moved along the surface 
60under test. It may be desirable torfati- 
cally load die pressure chamber to pioau^ 
a desired zero gauge reading and, as the 120 
longitudinal force on the shaft 3 "»«ases. 
a calibrated reading in a desired range pro- 
portional to the force on the shaft 3. It is 
also required that the pressure system be 
Shrilled full of Uquid at all time* 125 

Accordingly as shown m Fig. 2 the hous- 
inf lcontams a vertical bore 22. closed by 
a^sorew closure 22- and oonne^ng w«h 
the bore 17 and with a chamber 23. A com- 
pWtor piston 24 is fitted in the chamber 130 
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23 and is sealed by O-rings 24'. Hie volume 
of the chamber 23 is varied by adjusting a 
screw 25, held within a phig 26 by a snap 
r ring 27 screw threaded into the piston 24. 
J Anticlockwise rotation of the screw 25 
moves the piston 24 to the right thereby 
decreasing the volume of compensating 
chamber 23 to statically load the chamber 
14 when the shaft 3 is at its forward limit 

10 of travel. An initial gauge reading a little 
below the expected test values serves to 
speed the response of the gauge when the 
damping is super-critical, clockwise rotation 
increases the volume of the chamber 23, as 

15 might be necessary to compensate for rising 
temperature and so keep the resting point 
of the gauge at the desired value. It will be 
evident that any adjustment of screw 25 
produces a corresponding change in the dial 

20 reading of the gauge 21 under conditions of 
rest when the shaft 3 is at its forward limit 
of travel. 

The housing 1 is provided with access 
openings for adjustment and assembly of 

25 the apparatus, which openings are closed 
during use by a ballast plug 28 and access 
plugs 29 and 29'. The connector 5 extends 
vertically below the housing and a sealing 
membrane 30 is fastened to the housing 1 

30 by a retaining ring 30' (Fig. 2) and has an 
opening therethrough receiving a grommet 
31 (Fig. 1) closely fitted around the member 
6 in a manner to permit the connector 5 to 
move fore and aft without restraint by the 

35 flexible sealing membrane 30. 

At the forward end of the housing 1 a 
pair of side panels 32 of rigid material 
constitute an extension of the housing and 
are secured thereto by screws 33 and 33' to 

40 support the forward end of the housing an 
a pivot 34, formed in the extension of a 
handle casting 35. The casting 35 receives 
a handle 36 and is borne on a pair of trol- 
ley wheels 37 by means of an axle 38 at 

45 which the front end of the housing is sup- 
ported. The handle 36 and the casting 35 
are offset to provide a handle extending 
backwaxdly past the rear end of the housing 
1 while maintaining the pivot 34 essentially 

50 beneath .the wheel axle 38. The wheels 37 
may be of any simple commercial structure 
having thereon tyres of smooth tread. Dur- 
ing use the extension, of the handle casting 
35 is substantially vertically below the axle 

35 38. This extension is provided with an open- 
ing permitting the casting to pivot through 
a substantial arc between an adjustable 
eccentric spacer 39 and a stop portion 39' 
attached to the side panels 32. A grommet 

60 40 receives the tube 18 and supports it ad- 
jacent to the fitting 19. 

The gauge employed for measurement of 
the pressure within the chamber 14 may 
be one of several known types, such as 

65 bellows gauge, since the pressure employed 



will generally be well within the range of 
such gauges. Alternatively, a Bourdon gauge 
may be used as illustrated at 41 of Fig. 3. 
This gauge comprises an arcuate tube 41 
carried on a base 42 connecting with a fit- 70 
ting 43 which is screwed on to the needle 
valve 20. The fitting 43 is supported in a 
projection 44 of the handle casting 35. A 
screw clamp 45 fixes the position of the 
fitting 43 within the projection 44. A set 75 
screw 46 secures the handle 36 within the 
casting 35 adjacent the projection 44. 

The free end 47 of the Bourdon tube 41 
adjustably engages a movement magnifying 
mechanism 50 which actuates a pointer 48 80 
jcurnalled in bearings 51 within a housing 
so as to move over a dial 49 of the gauge 
as shown in Figs. 3 and 4. 

In the use of the skid resistance measur- 
ing apparatus illustrated by way of example, 85 
an operator moves along at a steady walking 
speed, preferably to test a substantial dis- 
tance along a road surface. To avoid a ten- 
dency to develop resonant characteristics and 
oscillation of the pointer 48, a damping disc 90 
52 is secured concentrically to the shaft 
carrying the pointer 48 and has a sufficient 
mass to average out or damp small rapid 
impulses tending to set the pointer 48 into 
vibration. 95 

As shown in Fig. 5, the handle 36 extends 
rearwardly to a position above or behind 
die housing 1 but is further supplied with 
a handle extension 53 which has an adjust- 
able elevation and is secured to the handle 100 
portion 36 by a clamping arrangement 54. 

The piston 11, instead of being carried on 
the shaft 3 as described, may be carried on 
the auxiliary shaft 55 connected in this case 
to the connector 5. Tit is convenient to vary 105 
•the weight of the housing 1 and thereby the 
pressure applied to the shoe 8 in contact 
with the surface 60 and for this purpose a 
ballast chamber 57 is suppMed into which 
may be inserted ballast shot 58, this cham- HO 
her being closed by the ballast plug 28. 

The shoe 8 may take a number of shapes 
for friction measurement and may be faced 
with different materials according to the 
coefficient to be measured. To measure 115 
sliding friction between a wooden floor and 
objects placed thereon the shoe 8 would be 
faced with wood having a characteristic con- 
figuration and loading in accordance with 
the measurement to be made. To simulate a 120 
table leg having end grain exposed, the shoe 
would have a corresponding configuration 
on its face. For measuring the sMd resis- 
tance of road surfaces a rubber facing is 
placed on the shoe 8 which is provided with 125 
a loading per square inch of contacting sur- 
face related to the loading of a vehicle wheel 
and may exhibit edge effects comparable to 
those of tyre treads normally employed in 
contact with the road surface. By experi- !30 
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merit it is found that a rubber faced metallic 
shoe of three to five inches width may be 
disposed with one edge riding against the 
surface 60 at a considerable angle such as 

5 30° to simulate those conditions where tne 
tyre tends to override successive humps and 
hollows of the road surface. Such * shoe is 
found to have considerable durability be- 
fore the exposed edge is worn sufficiently to 

10 greatly change the friction as measured by 
the force required to move the shoe along 
under the specific loading selected. This 
durability depends obviously on the rough- 
ness of the surface and the hardness of the 

15 facing material on the shoe as well as on 
the specific loading. Rubber material of the 
type employed in tyres under a total load- 
ing on the shoe of four to seven pounds has 
a typical durability of 1500 feet without 

20 appreciable change in the measured skid 
resistance. 

In highway testing it is desirable to mea- 
sure skid resistance under adverse circum- 
stances. Temperature and humidity have a 
25 bearing on the coefficients and upon the 
total skid resistance fox a given loading. 
Adverse summer time conditions are ap- 
proximated by first wetting down the sur- 
face and then performing a drag test 
30 thereover at normal walking speed of ap- 
proximately three miles per hour. Since 
temperature is a variant somewhat affecting 
the results, but in a regular way, the tem- 
perature is normally noted and a correction 
35 therefor is made prior to the calculation 
of the resulting coefficient. The slope of the 
road surface also has a bearing and a cor- 
rection therefor is made according to usual 
mechanical calculations involving the sine of 
40 the angle of inclination. Where the slope is 
appreciable, a change will also be apparent 
in the relative hedgbt of the gauge above 
the pressure chamber, and a correction pro- 
portional to the cosine of the angle with 
45 respect to the vertical may be made accord- 
ing to well known engineering practice. 
There is also a correction for the gauge 
height, but this is made in the pointer zero 
adjustment since it is constant 
50 A manually pushed trolley of the type 
illustrated undergoes acceleration increasing 
and decreasing with respect to the steady 
rate during each step of the operator. This 
causes a fluctuation in the pressure, but the 
55 constriction in the Hue by the needle valve 
20 is effective to damp out this spurious 
effect 

The coefficient of friction measured may 
be expressed as f=F/L, where F is the force 

60 required to cause the shoe to slip on the 
surface and L is the load thereon in suitable 
units. The pressure in the chamber 14 re- 
sulting from the skid resistance F will be 
F=A.p. where A as the effective area of the 

65 piston 11 and p is the pressure in the 



hydraulic system resulting from the force F. 
Obviously, these two equations combine to 
provide f =pA/L as a measure of the co- 
efficient of friction or an index figure for skid 
resistance, calibrated in the most convenient 70 
units for the particular application, fcxact 
calculation is simply made according to weu 
known theory, for example, L may be 
measured on a conventional scale orbalance 
by lifting the shoe 8 from the surface, the 75 
shaft 3 being horizontal, and fine tension 
line may be employed with a pulley md 
weight arrangement to measure F at which 
a particular scale reading is reached, cahb- 
rating the dial 49 with respect to movements 80 
of the pointer 48 for specific values of the 
force F. After the apparatus has been de- 
signed and assembled A is constant and 
known and enters into the gauge reading as 
a calibrated pressure. Since the loading factor 
is easily changed to provide a standardized 
calibration, it is convenient to change the 
load to provide appropriate dial divisions m 
terms of force F. This is readily done by 
increasing or decreasing the ballast loading w 
in the chamber 57. For many purposes it 
is desirable to have a coefficient of friction 
reading in percentage points by selection of 
L or F to provide a ratio of unit ail : foil 
scale deflection of pointer 48 and to calibrate to 
the dial in terms of 0 to 100. Pressure m 
terms of p then has a correction factor 
applied as a dial zero setting since the actual 
pressure at the gauge 21 is not the pressure 
in the chamber 14 but takes into account 100 
elevation differences. 

WHAT WE CLAIM IS: — 

1. Apparatus for measuring the skid or 
slip resistance of a surface comprising a 
housing supported at one end for move- lw 
ment over said surface, a friction shoe moy- 
ably mounted on the other end of said 
housing for frictionally engaging the surface, 
means for applying a force to the housing 
in the proximity of said surface for moving 1 lu 
said housing, a hydraulic system including 
a mechanism for resisting movement of the 
friction shoe relatively to the housing and 
converting a frictional force applied to said 
shoe into a hydraulic pressure, and a gauge 
hydraulically connected to said system so 
as to be responsive to said hydraulic pres- 
sure therein. . , . , . _ . 

2. Apparatus as claimed in claim 1 » 
which the means for applying a force to the 120 
housing comprises a trolley to which the 
housing is freely pivoted at an axis in the 
proximity of said surface when the trolley 
is being pushed, the friction shoe being 
spaced from the pivotal axis so that the 125 
weight of the housing can produce the 
reaction necessary to create said frictional 
force. 

3. Apparatus as claimed m claim 2 mi 
which the trolley is a two-wheeled hand 130 
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trolley whose wheels are rotatable about a 
common axis and in which said pivotal axis 
is substantially vertically below the wheel 
axis when the trolley is being pushed. 
5 4. Apparatus as claimed in claim 1, 2 or 
3 in which said mechanism comprises a 
shaft longitudinally displaceable in the hous- 
ing, a fixture rigidly attached to said shaft, 
said friction shoe being attached to a portion 
It of said fixture extending below the housing, 
and a hydraulic piston on said shaft and 
sealed lo a pressure chamber to which the 
gauge is hydraulicaliy connected. 

5. Apparatus as claimed in claim 4 in 
which the piston is sealed to the pressure 
chamber by a rolling type diaphragm. 

6. Apparatus as claimed in claim 5 in 
which said fixture is stidable along a second 
shaft fixed in the housing for steadying the 

20 fixture, 

7. Apparatus as claimed in claim 1. 2 
or 3 wherein said mechanism comprises a 
highly flexible diaphragm. 

8. Apparatus as claimed in any of claims 
25 1 to 7 wherein said gauge is a Bourdon 

gauge. 

9. Apparatus as claimed in claim 8 in 
which an inertia disc is fixed to the pointer 



spindle of the Bourdon gauge for damping 
pointer oscillations. " 30 

10. Apparatus as claimed in any pre- 
ceding claim in which said hydraulic system 
includes a hydraulic chamber of adjustable 
volume for compensating for temperature 
variations. " 35 

11. Apparatus as claimed in any pre- 
ceding claim in which said gauge is con- 
nected to said hydraulic system through a 
restriction for averaging gauge readings over 
periods of pressure oscillations in said 40 
system. 

12. Apparatus as claimed in any pre- 
ceding claim including means for varying 
the load applied to said shoe. 

13. Apparatus as claimed in any pre- 45 
ceding claim in which said shoe has a 
rubber friction surface. 

14. Apparatus constructed and adapted 
for measuring the skid or slip resistance of a 
surface substantially as herein described 50 
with reference to and as illustrated in the 
accompanying drawings. 

W. P. THOMPSON & CO., 
12, Church Street. Liverpool, 1. 
Chartered Patent Agents. 
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